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Abstract 
Influence of acoustic field structure on polarization characteristics of acousto-optic interaction is investigated. It is shown that    
inhomogeneity of acoustic field and mechanism of ultrasound excitation causes changes in values of acousto-optic figure of merit 
for ordinary and extraordinary light beams in comparison with theoretic values. The theoretic values were derived under 
assumption that acoustic wave is homogeneous. Experimental analysis was carried out in acousto-optic cell based on lithium 
niobate crystal where the acoustic wave propagates at the angle 13 degrees to Z axis of the crystal. We used three different 
methods of ultrasound generation in the crystal: by means of external piezotransducer, by interdigital transducer and by two sets 
of electrodes placed on top of the crystal surface. In the latter case, the first pair of the electrodes was directed along X crystal 
axis, while the second pair of the electrodes was directed orthogonally to X crystal axis and the direction of ultrasound. Obtained 
values for diffraction efficiencies for ordinary and extraordinary polarized optical beams were qualitatively different which may 
be caused by spatial inhomogeneity of the generated acoustic waves in the crystal. Structure of acoustic field generated by these 
sets of electrodes was examined by laser probing. We performed the analysis of the acoustic field intensity using acousto-optic 
method. A relation of diffraction efficiencies for ordinary and extraordinary light waves was measured during each iteration of 
the laser probing. 
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1. Introduction 
Acousto-optic devices are widely used in image processing, laser spectroscopy, optoelectronics, medicine, etc.[1-
2]. High optical polarization sensitivity and high cost of acousto-optic (AO) cells are current problems of acoustio-
optics. High cost of AO devices is caused by the complexity of piezotransducer fabrication and AO cell acoustic 
matching. Polarization sensitivity of AO cells requires polarizer application which inevitably decreases optical 
intensity. The design of a modulator of unpolarized optical beam with surface generation of bulk acoustic wave was 
proposed in [3]. Optimal geometry of AO interaction for ordinary and extraordinary light beams was predicted in the 
reference as well. However, the theoretical and the experimental values of Me/Mo ratio did not match each other. 
This fact could be caused by complex field structure generated by an interdigital (IDT) transducer. In order to 
investigate this problem, we performed experimental analysis of the acoustic field structure and measured Me/Mo 
ratio in the same cut of lithium niobate for three different methods of acoustic wave excitation: by means of IDT, by 
means of planar electrodes and by means of external piezoelectric transducer. 
 
Nomenclature 
AO  acousto-optic  
IDT   interdigital transducer 
Me  AO figure of merit for extraordinary polarized optical beam 
Mo  AO figure of merit for ordinary polarized optical beam 
Y-direction direction of light propagation normal to X crystal axis and to wave vector of ultrasound, wave 
vector of light forms 13ࡈ with Y axis of the lithium niobate crystal (i.e. approximately along Y 
axis) 
X-electrodes electrodes with extended length along X crystal axis 
Y-electrodes electrodes with extended length along Y crystal axis 
2. Experimental investigation 
We performed a number of experiments with AO cells based on the same cut of lithium niobate crystal described 
in [3]. The analysis of Me/Mo ratio was carried out for two directions of incident light propagation: along X crystal 
axis and along Y-direction. The aim of the research was to understand whether the method of ultrasound excitation 
has an influence on polarization characteristics of the AO interaction.  
2.1. Acoustic wave generation by IDT 
IDT can be used in acousto-optics as an alternative to piezotransducer, however it was shown in the experiment 
that diffraction efficiency of extraordinary polarized optical beam was equal to zero in the case of incident light 
propagating along Y-direction and it had extremely low value if propagating along X axis. Experimental data do not 
correspond to the theoretical values that can be explained by complex structure of the electrodes and therefore a 
complex structure of the generated acoustic field.  
2.2. Acoustic wave generation by system of planar electrodes 
In order to investigate the problem, we analyzed polarization characteristics in the AO cells with simple 
electrodes design as shown in Fig.1 
Experimental analysis of the AO interaction for ordinary and extraordinary polarized beam for the AO cell with 
two sets of electrodes also gave us results which do not correspond to the theoretical ones (see Fig. 2). 
Consequently, this fact shows that the mechanism of ultrasound excitation also has an impact on Me/Mo ratio. 
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Fig. 1. AO cell based on lithium niobate crystal with two sets of planar electrodes.  
 
 
Fig. 2. (a) Me/Mo ratio for slow quasishear acoustic wave; (b) Me/Mo ratio for fast longitudinal acoustic wave, red lines show propagation 
direction of the optical beams which interact with ultrasound generated by Y-electrodes, blue lines – with ultrasound generated by X-electrodes. 
2.3. Acoustic wave generation by external piezoelectric transducer 
Experimental analysis of the AO interaction for ordinary and extraordinary polarized beam for AO cell with an 
external piezotransducer also gave us results which do not correspond to the theoretical ones, this fact shows that the 
mechanism of ultrasound excitation also has an impact on Me/Mo ratio. 
 
 
Fig. 3. AO cell based on lithium niobate crystal with external piezotransducer. 
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3. Results 
Experimental results for Me/Mo ratio are presented in Table 1. Polarization analysis of the diffracted light 
polarizations was carried out for three methods of the acoustic wave excitation described above. The obtained 
experimental data were compared to the theoretical values of Me/Mo relation. 
     Table 1. Experimentally obtained Me/Mo ratio for three methods of acoustic wave excitation and its comparison with 
theory 
 
Ultrasound 
velocity 
Me/Mo in AO 
cell with 
ultrasound 
generation by 
IDT 
Me/Mo in AO 
cell with 
ultrasound 
generation by 
X-electrodes 
Me/Mo in AO 
cell with 
ultrasound 
generation by 
Y-electrodes 
Me/Mo in AO 
cell with 
ultrasound 
generation by 
external 
piezotrans-
ducer 
Me/Mo 
theoretical 
Optical beam 
propagates 
along X 
crystal axis 
Vs=3590 m/s 0.1 36 
 
(Me0, Mo 
=0) 
0  
(Me=0, Mo 
0) 
0.37 
Vl=7300 m/s  3.9 
 
(Me0, Mo 
=0) 
0  
(Me=0, Mo 
0) 
0.18 
Optical beam 
propagates 
along Y-
direction 
Vs=3590 m/s 0 
0  
(Me=0, Mo 
0) 
 
(Me0, Mo 
=0) 
0  
(Me=0, Mo 
0) 
1.71 
Vl=7300 m/s  
0  
(Me=0, Mo 
0) 
  
0.95 
4. Conclusion 
In the experiment, we obtained different results of Me/Mo ratio for each method of ultrasound generation. 
Experimental values qualitatively disagree with the theory. It shows that inhomogeneity of acoustic field and the 
mechanism of ultrasound excitation have great influence on polarization characteristics of acousto-optic interaction 
in crystals. 
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